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Abstract. 


The proboscis of female 7hyca crystallina (Mollusca) penetrates the body wall of Linckia 


laevigata (Echinodermata) and terminates in the middle of the ambulacral ridge where it opens within 
the perihemal sinus near the radial hemal strand. The proboscis does not penetrate the perivisceral 
coelom of its host, nor can it be withdrawn because the attachment disc of the adult snail is fused to 
the epidermis of the host. Except for a partial alteration in size and texture of a few ambulacral ossicles, 
and loss or reduction in size of the host’s ampullae at the site of infection, other host organs and tissues 
are relatively unaffected by the penetration of the proboscis. Presumably T. crystallina obtains nutrients 


from the hemal-perihemal systems of its asteroid host. 


INTRODUCTION 


Because females of the ectoparasitic snail Thyca crystallina 
(Gould, 1846) are fused to their hosts, Linckia laevigata 
(Linnaeus), lack mouth parts, and have reduced digestive 
and enlarged salivary glands, many authors have concluded 
that they must be utilizing nutrients not requiring complex 
digestion (SARASIN & SARASIN, 1887; KUKENTHAL, 1897; 
KOEHLER & VANEY, 1912; ADAM, 1934; CHENG, 1964). 
To this extent the snail-host relationship has been well 
described. However, both early and more recent published 
discussions (TAYLOR & LEwIs, 1970; YONGE & THOMPSON, 
1976; ELDER, 1979) have not described the pathway of 
the snail’s proboscis into the host. Most investigators have 
heretofore asumed that T. crystallina sucks internal fluids 
or tissues from L. laevigata but have not identified the 
probable source of nutrients for the snail. 

In the Echinodermata, nutrient transport from sites of 
intake or storage has been attributed to one or more of the 
following coelomic derivatives: the perivisceral coelom, the 
water vascular system, the hemal system, and the perihe- 
mal system (HYMAN, 1955; ANDERSON, 1966; FERGUSON, 
1969, 1982; BInyon, 1972). To the extent that any or all 
of these systems are rich in nutrients, they could serve as 
a potential source of nutrients for 7hyca crystallina. 

In the present study we traced the route of penetration 
of an ectoparasitic snail’s proboscis into a sea star’s arm 
to determine which of the host’s internal systems are con- 


tacted. Our discovery that the snail’s proboscis terminates 
within the perihemal system near the radial hemal strand 
suggests that these systems serve as a source of nutrients 
for Thyca crystallina. 


MATERIALS anD METHODS 


Specimens of the sea star Linckia laevigata were examined 
from collections made in May 1965, December 1970, and 
August 1976 on the reef flats east of the ship channel at 
Suva, Fiji. Thirty-two specimens of the 224 (14.3%) col- 
lected in 1965 were infected by one or more individuals 
of Thyca crystallina (a limpetlike prosobranch gastropod 
in the family Capulidae). Specimens were examined alive 
or were preserved in buffered 4% formaldehyde. Gross 
dissections were prepared with the aid of razor blades or 
a small, motor-driven, circular saw. Specimens for sections 
were decalcified for 2-3 days in a modified Heidenhain’s 
Susa fixative (10 mL glacial acetic acid, 50 mL 40% form- 
aldehyde, and 20 g trichloroacetic acid in 200 mL 70% 
ethyl alcohol), embedded in paraffin in a low vacuum, 
sectioned at 10-16 um, and stained with hematoxylin and 
Gomori’s trichome or in Cason’s rapid one-step Mallory- 
Heidenhain. 


RESULTS 


We found that female specimens of Thyca crystallina are 
attached to their hosts by a circular disc as described by 
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ADAM (1934). We also found the males of this species 
attached under the shell of the females. The proboscises 
of the males that we examined lay freely in the space under 
the female shell and did not penetrate the integument of 
the sea star. 

The attachment discs of the female 7hyca crystallina are 
fused in the largest specimens to the host’s integument by 
fibrous connective tissues. The female proboscis extends 
from the center of this attachment disc through a hole up 
to 1 mm in diameter into the tegument of the host. Gross 
dissections revealed that the proboscis enters the sea star’s 
arm between the marginal dermal ossicles, progresses 
through the thick connective and muscular tissue of the 
dermis, and terminates in the middle of the ambulacral 
ridge (Figures 1, 2A). By angling towards the ambulacral 
ridge, the proboscis bypasses the perivisceral coelom, pen- 
etrates the thick body wall, and enters the ambulacral 
ossicles so that one or more ampullae of the host’s water 
vascular system are lost or displaced. The only superficial 
evidence of the proboscis on the internal surface of the 
ambulacral ridge is the absence or reduction in size of 1- 
3 ampullae and a darkening of the ambulacral ridge in 
the area directly overlying the infected area; inside the 
ambulacral ridge this may involve the reduction in size of 
2-4 ambulacral ossicles on the infected side. Discoloration 
results from a replacement of the ambulacral ossicle(s) 
lying above the proboscis by an abnormal area of hyper- 
trophied muscular and connective tissue. These alterations 
in the ambulacral ossicle may be seen by comparing Fig- 
ures 2B and C. 

In 3 of 18 dissected specimens we observed a small hole 
in the depression on the aboral side of the ambulacral ridge 
in the middle of the discolored, infected area. In another 
specimen we found a small hole opening downward from 
the proboscis area into the ambulacral groove. Because 
these openings were not present in most specimens nor in 
any of the 12 sectioned specimens we assume they do not 
represent the normal condition. 

The proboscis of female 7hyca crystallina terminates in 
the area occupied by the hemal and perihemal systems. 
When uninfected areas are viewed in cross-section, these 
systems form a triangular area bounded on the lower side 
by the V-shaped radial nerve and on the upper side al- 
ternately by the lower transverse ambulacral muscle and, 
in the spaces between the muscles, by the radial water 
canal (Figure 2C). These relationships are identical in 
infected arms of Linckia laevigata proximal and distal to 
the infection site, 7.e., there is no histological evidence that 
the ectoparasite affects the radial systems of the host on 
either side of the point of infection. However, in the area 
penetrated by the proboscis, an extensive displacement of 
all systems occurs. The radial water canal is pushed to 
one side and the radial nerve is flattened and also pushed 
to the far side of the ambulacral groove; hemal tissues are 
often more abundant in the region near the end of the 
proboscis (Figure 2B). Despite the enlargement of the 
hemal tissue, we traced the perihemal sinus through the 
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Figure 1 


Schematic cross-sectional view of an arm of Linckia laevigata to 
which an ectoparasitic Thyca crystallina is attached. View is to- 
wards the central disc of the sea star. The snail’s proboscis by- 
passes the perivisceral coelom, displaces 1-3 ampullae, penetrates 
the radial perihemal sinus, but does not interrupt the water 
vascular or nervous systems. Thyca crystallina: 1, shell; 2, colu- 
mellar muscle; 3, capsule gland; 4, digestive gland; 5, nephridium; 
6, salivary gland; 7, attachment disc, left anterior edge; 8, pro- 
boscis; 9, esophagus. Linckia laevigata: 10, hemal tissue; 11, peri- 
hemal sinus; 12, radial water canal; 13, ambulacral ossicle; 14, 
epidermis; 15, dermal ossicle; 16, ampulla; 17, dermis; 18, tube 
foot; 19, radial nerve; 20, perivisceral coelom; 21, papula. 


infected area beween unaltered distal and proximal regions 
in 11 serially sectioned specimens. In a 12th specimen the 
hemal tissue filled the space in front of the proboscis, 
thereby locally obliterating the perihemal sinuses. 

The proboscis of 7hyca crystallina consists of a sheath 
through which extends two salivary gland ducts and a thin- 
walled esophagus that terminates in a thick-walled pha- 
ryngeal mass (Figure 2D). In preserved specimens the wall 
of the proboscis is contracted and therefore highly folded 
in longitudinal sections. Except for a distinct outer epi- 
thelium, the proboscis is filled with connective tissue, blood, 
and blood cells. At its distal end the proboscis is folded on 
its outer surface, forming a groove that encloses tissues of 
the host (Figure 2E). This groove is continuous with the 
internal proboscis space through which runs the pharyn- 
geal mass and esophagus. Inside the proboscis the groove 
becomes a crescentric chamber surrounding the mouth 
(Figure 2F); the mouth opens at the tip of the muscular 
pharyngeal mass. Salivary gland ducts attach to the outer 
surface of the muscular pharyngeal mass (Figure 2G) and 
empty at its distal end. Internally the pharyngeal mass is 
divided into a tripartite food canal which is continuous 
proximally with the thin-walled esophagus (Figure 2H). 

Strands of host cells converge at the end of the proboscis 
(Figure 2B). These cells appear to originate from both the 
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Figure 2 
Photomicrographs of Linckia laevigata arms with and without (Figure 2C) attachment or penetration by the snail 
Thyca crystallina. A. A section through an entire snail and a fragment of a seastar arm at the level where the 
proboscis penetrates the perihemal sinus. The section is oriented with the ambulacrum (a) on the lower side and 
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host’s body wall surrounding the distal end of the proboscis 
and from hemal tissue. The contents of the esophagus, 
although sparse in sectioned specimens, occasionally in- 
clude nuclei of cells in addition to larger quantities of 
amorphous material. 


DISCUSSION 


The route of penetration of the proboscis of the female 
Thyca crystallina into Linckia laevigata suggests that suf- 
ficient food is available from some combination of hemal, 
perihemal, and surrounding fluids and tissues to sustain 
the ectoparasitic snail. This deduction is based on the fact 
that the proboscis of large snails cannot be withdrawn 
because the attachment disc is fused with the tissue of the 
host and the fact that the proboscis has access to no other 
sources of nutrients inside the host. 

Alternative routes are possible but not utilized. For ex- 
ample, holes in the body wall occupied by papulae (Figure 
1), provide a short and direct access to the perivisceral 
coelom, but in no specimens we examined did the proboscis 
of Thyca crystallina take this path. Instead, the proboscis 
bypasses the perivisceral coelom and proceeds deeper into 
the host. This penetration must require extensive digestion 
of dense dermal tissue and dissolution of calcareous ossi- 
cles. The energetic costs of creating this circuitous route 
to the hemal-perihemal complex ultimately must be more 
than offset by a flow of nutrients to the snail. 

The tissues of the host at the site of penetration are not 
grossly injured; in fact, the opposite appears to be the case. 
The region at the end of the proboscis has an abundance 
of cells derived from the host’s body wall and from hemal 
tissue. This suggests that the host is capable of replacing 
the apparent loss of cells to the snail. 

Thyca crystallina presumably shuns the more spacious 
perivisceral coelom in favor of the relatively small hemal- 
perihemal complex because the latter is a more concen- 
trated source of nutrients than is the perivisceral coelom 
(FERGUSON, 1982; BEIJNINK & VooGT, 1984). This hy- 
pothesis is consistent with the observations in another as- 
teroid, Echinaster graminicolus, where a radioisotopic tracer 
appeared within 12-24 h in the ambulacral radial hemal 
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tissue after injection of C'*-labeled amino acids (FERGUSON, 
1970) or after feeding C'*-labeled clams or liquid glucose- 
amino acid medium (FERGUSON, 1984). The proteins, gly- 
coproteins, and possibly glycolipids stored in the hemal 
strand of Asterias rubens (BEIJNINK & VOOGT, 1986) would 
provide a rich source of complex nutrients for T. crystallina 
if present in Linckia laevigata. 

In addition, the snail may be obtaining soluble food 
produced at remote sites and transported to the snail through 
the perihemal sinuses. The presence of flagellated cells in 
the perihemal sinus (CUENOT, 1948; WALKER, 1979) of 
some asteroids provides a means of moving nutrients in 
solution through this system. Based on these observations, 
FERGUSON (1984) concluded that nutritive metabolites are 
translocated by some combination of movement and storage 
within the hemal-perihemal complex. 

Given the reported anatomical relationships and the 
probable role of the hemal-perihemal complex in nutrient 
transport and storage in asteroids, the stage is set for an 
experimental determination of the kinds and rates of nu- 
trient transfer through the hemal-perihemal complex of 
Linckia laevigata by using Thyca crystallina as a natural 
probe. 
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